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(54) Apparatus and method for verifying a logic function of a semiconductor chip 



(57) An apparatus and method for verifying a logic 
function of a semiconductor chip in a logic chip emula- 
tion environment where a processing engine and a tar- 
get interface engine interact with each other. The appa- 
ratus in accordance with the present invention generally 
includes a processing engine for executing a software 
algorithm corresponding to the logic design of the target 
chip, and a target interface engine interfacing with the 
target system for transmitting/receiving pin signals to/ 
from the target system. The software algorithm has one 
or more software variables, and the transmission/recep- 



tion of the pin signals by the target interface engine oc- 
curs with the execution of the software algorithm by the 
processing engine. The software variable and the pin 
signals are time-variant with the execution of the algo- 
rithm. The processing engine comprises means forfind- 
ing correspondence between the software variables and 
the pin signals at a predetermined time, so that the val- 
ues of the software variables and the values of the hard- 
ware pin signals corresponding in time thereto can be 
monitored in synchronization with each other. 
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Description 



[0001 J The present invention relates generally to em- 
ulating a logic function of a semiconductor chip, and 
more particularly, to verifying a logic function of a sem- 
iconductor chip through emulation based on a software 
algorithm or model that defines an internal logic design 
of the semiconductor chip. 

[0002] A successful design of a semiconductor chip 
incorporating an integrated circuit requires ever-in- 
creasing efforts and time as the complexity of such chips 
and those systems integrating such chips have in- 
creased drastically. Since it is desirable to eliminate the 
design errors in a design procedure before fabrication 
of such chips, verification of the logic design of the chip 
is much needed. Among various methods of verification 
is an emulation method that tries to verify the functional 
correctness of a logic function (hereinafter, referred to 
as "target logic") designed for a semiconductor chip 
("target chip") in conjunction with an application system 
("target system") in which the target chip will be used. 
[0003] Traditionally, verification of a logic function has 
been performed by software or hardware modeling or a 
combination of the two. Among these, software mode- 
ling describes the behavior of the logic function of the 
target chip through software written in either a high-level 
programming language such as C/C++ or a hardware 
description language (HDL) such as VHDL and Verilog. 
However, HDL does not lend itself to a viable description 
or debugging of thelogic function of the target chip com- 
pared to a high-level programming language, and speed 
of execution of hardware models coded in HDL is very 
limited. Thus, HDL is known to have disadvantages as- 
sociated with time spent in designing and verifying the 
logic function. 

[0004] For the above reasons, a software program- 
ming language, which is easier to code and debug and 
runs faster compared to HDL, is preferably used in mod- 
eling the logic function of the target chip. According to 
software modeling based on a high-level programming 
language, the logic function of the target chip is first 
modeled and the functional behavior of the logic is ver- 
ified in conjunction with the surrounding hardware sys- 
tem or a target system. Thereafter, the logic is parti- 
tioned manually or possibly with some automatic means 
into parts to be implemented as hardware and software, 
respectively. This approach would significantly save the 
design and verification time, compared to the conven- 
tional HDL-based emulation method, and provide more 
efficient emulation environment for such cases where a 
logic design becomes extremely complex, especially 
with the growth of "System-on-a-Chip." 
[0005] U.S. Patent No. 4,901 ,259 discloses an "ASIC 
emulator" which enables software models implemented 
in a high-level programming language as well as those 
in HDL to be run on a general-purpose computer con- 
nected to a target system via interface. It is basically a 
generalized pin I/O synchronizer that provides synchro- 



nization of pin signals produced by an ASIC software 
model, which is running on a general -purpose computer, 
with pin signals produced by hardware in a target sys- 
tem. In other words, all the pin signals for interface with 
s the target system are produced by an ASIC software 
model, while the ASIC emulator converts the pin signal 
values into electrical signals in order to send the values 
to an ASIC bare socket in the target system. 
[0006] However, when a fast emulation is needed, 
10 "ASIC emulator" described in U.S. Patent No. 4,901 ,259 . 
presents several problems. First, a software model in 
the host computer is too slow to execute the whole proc- 
ess related to the generation of pin signals used for in- 
terface with external circuits. Second, the communica- 
15 tion speed through an I/O port of a full-fledged host com- 
puter is generally very slow as compared with a proces- 
sor speed. Third, the host computer is too slow to run 
the algorithm of an ASIC software model because it us- 
es a general-purpose operating system that cannot ded- 
20 icate its computing resources solely to running the algo- 
rithm. Therefore, such ASIC emulator cannot facilitate 
a variety of VLSI designs requiring fast emulation. * 
[0007] In order to solve these prior art problems, the 
inventors of the present invention proposed, in U.S. Pat- 
25 ent Application No. 09/680,467, incorporated herein by 
reference, an in-circuit emulatorwhich enables fast ver- 
ification of the logic function of a target chip modeled in 
a high-level programming language such as C or C++ at 
a system level where the target chip is coupled to the 
30 target system. The emulator comprises a processing 
engine including at least one processor that executes a 
compiled code of an algorithm written in a high-level pro- 
gramming language and a target interface engine inr 
eluding at least one reconfigurable chip, such as Field- ■ 
35 Programmable Gate Arrays (FPGAs) or Programmable 
Logic Devices (PLDs), which generates pin signals used 
for external interface with the target system. 
[0008] With this emulator, however, the processing 
engine and the target interface engine may be operating 
40 at different processing speeds and a communication de- 
lay may occur between the processing engine and the 
target interface engine due to an interface therebe- 
tween. In other words, a change in a software variable 
during execution of the compiled algorithm may not nec- 
45 essarily correspond to pin signals generated at the time 
of the change in the software variable. In order to prop- 
erly debug a chip algorithm in an emulating environment 
as disclosed in copending Application No. 09/680,467 
or in equivalent environments, it is required to monitor 
so pin signals generated by the target interface engine in 
synchronization with variables of an algorithm executed 
by the processing engine. 

[0009] Accordingly, there exists a need in the art to 
provide a mechanism which enables hardware pin sig- 
55 nals generated by the target interface engine to be mon- 
itored in synchronization with variables of an algorithm 
executed by the processing engine in a logic chip emur 
lation environment where the processing engine and the 
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target interface engine interact with each other. 
[001 0] It is therefore an object of the present invention 
to provide an improved apparatus and method for veri- 
fying a logic function of a target chip which enables easy 
and fast debugging of the logic design of the target chip, s 
[0011] It is another object of the present invention to 
provide an improved apparatus and method for verifying 
a logic function of a target chip which facilitates tracking 
tirrie-varying changes in software variables of the algo- 
rithm executed by a processing engine and time-varying 
changes in pin signals generated by a target interface 
engine, in a logic chip emulation environment where the 
processing engine and the target interface engine inter- 
act with each other. 

[001 2] It is still another object of the present invention 
to provide an improved apparatus and method for veri- 
fying a logic function of a target chip which enables hard- 
ware pin signals generated by a target interface engine 
to be monitored in synchronization with software varia- 
bles of an algorithm executed by a processing engine, 
in a logic chip emulation environment where the 
processing engine and the target interface engine inter- 
act with each other. 

[001 3] According to one aspect of the present inven- 
tion, an emulator for verifying a logic design of a target 
chip to be mounted in a target system is provided, which 
emulator comprises a processing engine for executing 
a software algorithm corresponding to the logic design 
of the target chip, and a target interface engine interfac- 
ing with the target system for transmitting/receiving pin 
signals to/from the target system in response to the ex- 
ecution of the software algorithm by the processing en- 
gine. Within the software algorithm, there are defined 
one or more software variables. The software variables 
and the pin signals are time-variant with the execution 
of the algorithm. The processing engine comprises 
means for finding correspondence between the soft- 
ware variables and the pin signals at a predetermined 
time. 

[0014] According to another embodiment of the 
present invention, the target interface engine comprises 
a pin signal generator and a pin signal monitor. The pin 
signal generator generates pin signals to be transmitted 
to the target system and receives pin signals from the 
target system. The pin signal monitor receives and 
stores the pin signals communicated between the pin 
signal generator and the target system. The pin signal 
monitor detects an occurrence of a first trigger event de- 
fined by a predetermined combination of the values of 
the pin signals, and transmits a first interrupt request 
signal to the processing engine, in response to the oc- 
currence of the first trigger event. Upon receiving the 
first interrupt request signal, the processing engine cop- 
ies pin signals, which have been stored in the pin signal 
monitor, to a pin signal buffer. 

[0015] According to yet another embodiment of the 
present invention, the processing engine comprises a 
software variable monitor for monitoring the time-vary- 



ing software variable and controlling the values of the 
monitored software variables to be stored. The software 
variable monitor detects an occurrence of a second trig- 
ger event defined by a predetermined combination of 
the values for the time-varying software variables, and 
outputs a second interrupt request signal in response to 
the occurrence of the second trigger event. The 
processing engine copies pin signals, which have been 
stored in the pin signal monitor, to the pin signal buffer 
in response to the second interrupt request signal. 
[0016] According to the foregoing embodiments of the 
present invention, information loss due to communica- 
tion time delay between the processing engine and the 
target Interface engine can be compensated. Therefore, 
the values of the software variables and the values of 
the hardware pin signals corresponding in time thereto 
can be monitored in synchronization with each other, 
and as a result, the verification of the logic function of 
the target chip can be made easier. 
[0017] The features of the present invention which are 
believed to be novel are set forth with particularity in the 
appended claims. The present invention, both as to its 
organization and manner of operation, together with fur- 
ther objects and advantages thereof, may best be un- 
derstood with reference to the following description, tak- 
en in conjunction with the accompanying drawings in 
which: 

FIG. 1 shows a configuration of an overall system 
where an emulator according to the present inven- 
tion is coupled to a target system; 
FIG. 2 shows a detailed configuration of a process- 
ing engine of an emulator as shown in FIG. 1 ; 
FIG. 3 shows a detailed configuration of a target in- 
terface engine of an emulator as shown in FIG. 1 ; 
FIG. 4 shows a configuration of a memory in a 
processing engine as shown in FIG. 2; 
FIG. 5 shows a detailed configuration of a pin signal 
monitor; 

FIG. 6 is a view to explain a process of selecting pin 
signals of interest out of a plurality of pin signals by 
a signal selector; 

FIG. 7 shows a detailed configuration of a signal 
sampler; 

FIG. 8 shows a detailed configuration of a trigger 
event detector; 

FIG. 9 is a flow chart explaining a series of steps to 
be taken by a pin signal monitor responsive to an 
occurrence of a hardware trigger event; 
FIG. 10 is a flow chart explaining a series of steps 
to be taken by a processing engine upon detection 
of an occurrence of a hardware trigger event by a 
pin signal monitor; 

FIG. 11 is a flow chart explaining a series of steps 
to be taken by a processing engine responsive to 
an occurrence of a software trigger event; 
FIG. 12 is a timing diagram illustrating a timed rela- 
tionship between monitored values of software var- 
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jables and pin signals in a conventional emulator; 
and 

FIG. 13 is a view to illustrate how to keep track of 
changes in a software variable to prevent loss 
thereof according to the present invention. 

[0018] Referring to FIG. 1, there is shown an overall 
system where an emulator according to the present in- 
vention and a target system are coupled to each other. 
The emulator 1 00 generally comprises a processing en- 
gine 101 , a target interface engine 102, and a commu- 
nication channel 103 for interfacing these engines with 
each other such as 33MHz PCI bus or Accelerated 
Graphics Port (AGP). The processing engine 101 com- 
municates with a host computer 110 through a commu- 
nication port 105 such as RS-232C or USB. The target 
interface engine 1 02 is connected to a socket 1 21 of the 
target system 1 20, on which a target chip will be mount- 
ed eventually, through a socket adapter 1 04. The target 
chip mounted on the socket 121 is connected to other 
logic 1 23 or an integrated circuit 1 24 of the target system 
120 to execute at least a part of the logic functions of 
the target system 1 20. As shown in FIG. 1 , a target sys- 
tem 1 20 may have a plurality of target chips to be emu- 
lated. In this case, anothertarget chip may be connected 
to another emulator 130 through another socket 122 of 
the target system 120. 

[0019] FIG. 2 shows one detailed embodiment of a 
processing engine in FIG. 1 . The processing engine 1 01 
includes a processor 201 , a memory 202, a host bridge 
203, a timer 204, and a miscellaneous logic 205. A soft- 
ware algorithm defining a logicf unction of the target chip 
and described in a high level language such as C/C++ 
or its equivalent is compiled by a host computer to an 
executable code. The compiled code is then download- 
ed through a communication port 1 05 and stored to the 
memory 202. The processor 201 in the processing en- 
gine 101 performs the application-specific internal logic 
function of the target chip such as signal processing, 
modulation/demodulation, encryption/decryption by ex- 
ecuting the downloaded code. The processor 201 and 
memory 202 are connected to the target interface en- 
gine 102, which will be described later, via the host 
bridge 203. The miscellaneous logic 205 includes a 
communication port 1 05 and additional circuits, such as 
a clock generator, a voltage converter, etc. (not shown), 
that are needed for the processing engine 101 to oper- 
ate. The timer 204 provides for accurate time informa- 
tion required for synchronized monitoring of pin signals 
and software variables, also to be explained later, and 
may be implemented by a counter. 
[0020] FIG. 4 shows a configuration of a memory in a 
processing engine as shown in FIG. 2 according to one 
embodiment of the present invention. The memory 202 
is partitioned into several areas storing programs or data 
such as a target chip algorithm 400, a software variable 
monitor 401 , an interrupt handler 402, a target interface 
engine controller 403, a software variable buffer 404, a 
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pin signal buffer 405, and a variable/signal analyzer 406. 
The target chip algorithm 400 stores downloaded exe- 
cutable code relating to the internal function of the target 
chip. The software variable monitor 401 stores function- 
al routines which will be inserted at the locations of the 
source code of the target chip algorithm where software 
variables to be monitored are expected to change their 
values. Besides the executable code for the target chip 
algorithm, the functional routines are also downloaded 
and stored in a compiled form by the host computer 110. 
[0021 ] In case that a variable "A" is desired to be mon- 
itored in the target chip algorithm 400, the functional rou-; 
tine is added to or changes portions of the source code 
relating to the variable "A." For example, when an in- 
struction of "A = b;° is found in the source code, that 
portion of the program is modified to a software routine 
of u SW_MONITOR(&A, b);. n In one embodiment, the 
routine "SW_MONITOR(&A, b); n may not only assign 
value b to the variable "A" but also storing the value of 
the variable "A" as changed in the software variable buff- 
er 404 of the memory 202. Therefore, when the proces- 
sor 201 comes across this type of functional routine dur- 
ing the execution of the target chip algorithm 400, th^ 
changes of the variables monitored by the routine get 
stored in the software variable buffer 404. In this case, 
the software variable buffer 404 may also store timing 
information associated with the variable change by ref- 
erencing the timer 204 (FIG. 2). In addition, in the soft- 
ware variable monitor 401 , a user-defined software trig- 
ger condition, represented by a combination of selected 
variables in the target chip algorithm 400, may be set 
such that when the trigger condition is met, a software 
interrupt takes place. The software interrupt is handled 
by the interrupt handler 402, to be described next. 
[0022] The interrupt handler 402 stores software rour 
tines that respond and handle interrupt requests occur- 
ring while the target chip algorithm 400 is executed by 
the processing engine 101 . For example, it handles an 
interrupt that is generated when the values of software 
variables being monitored and stored in the software 
variable buffer 404 by the software variable monitor 401 
coincide with a predetermined software trigger condi- 
tion, as explained above. In addition to the software in- 
terrupt, it responds to a hardware interrupt from the tar- 
get interface engine 102 defined by a combination of the 
values of pin signals. Further details of the interrupt han- 
dler 402 are discussed below. 

[0023] The target interface engine controller 403 
stores routines related to the control of the target inter- 
face engine 102. In response to the interrupt handling 
by the interrupt handler 402, the target interface engine 
controller 403 reads the values of pin signals monitored 
and stored by the pin signal monitor 302 of the target 
interface engine 1 02 and then stores them in the pin sig- 
nal buffer 405 of the memory 202. The variable/signal 
analyzer 406, using information stored in the software 
variable buffer 404 and the pin signal buffer 405, ana- 
lyzes the progress or error during emulation. 
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[0024] FIG. 3 illustrates an embodiment of a target in- 
terface engine according to the present invention. The 
target interface engine 1 02 comprises a communication 
channel controller 300, a pin signal generator 301 and 
a pin signal monitor 302. The pin signal generator 301 5 
and the pin signal monitor 302 communicate with the 
processing engine 101 via a communication channel 
103 under control of the communication channel con- 
troller 300. The pin signal generator 301 transmits/re- 
ceives external pin signals such as read, write and con- 
trol signals to/from the target system 1 20 in response to 
the execution of the target chip algorithm 400 by the 
processing engine 101. The pin signal generator 301 is 
a kind of logic device that is properly designed depend- 
ing on the application of the target system 120 so that it 
communicates with logic circuits and/or integrated cir- 
cuits of the target system 1 20. In one embodiment of the 
present invention, the pin signal generator 301 may be 
embodied in a programmable/reconfigurable chip, such 
as FPGA or PLD. Because the pin signal generator 301 
provides the external pin signals 104 to the target sys- 
tem 120 as if a real chip would have, the target system 
120 can properly operate as designed. 
[0025] The pin signal monitor 302 receives as input 
the pin signals 304 being communicated between the 
pin signal generator 301 and the target system 1 20, and/ 
or the internal pin signals 303 of the pin signal generator 
301 . The pin signal monitor 302 may also be embodied 
in a programmable/reconfigurable chip such as FPGA 
or PLD. As shown in more detail in FIG 5, the pin signal 
monitor 302 comprises a signal selector 501 , a signal 
sampler 502, a trigger event detector 503, a buffer 504, 
a clock generator 506, a stamper 507, an acquisition 
memory 505 and a pin signal monitor controller 500. The 
signal selector 501 receives as input interface signals 
304 between the pin signal generator 301 and the target 
system 120, and the internal signals 303 of the pin signal 
generator 301 for selecting signals that are predeter- 
mined by the user to be monitored. In other words, the 
signal selector 501 functions to select part of pin signals 
to be monitored among signals that are input to the pin 
signal monitor 302. What signals would be selected is 
decided by the user and thus may be changed according 
to the user's need. 

[0026] FIG. 6 schematically shows an embodiment of 
a signal selector which selects out three signals from 5 
input signals. The user may program a reconfigurable 
chip such as FPGA or PLD by selectively opening/clos- 
ing a plurality of connections pre-defined on a program- 
mable area 603 of the reconfigurable chip so as to select 
desired input signals. Specifically, FIG. 6 shows that out- 
put lines 01 , 02 and 03 are respectively coupled to in- 
put lines 14, 12 and 13. By using this kind of selector, the 
user can select pin signals of interest and in a desired 
order. 

[0027] Referring back to FIG. 5, pin signals selected 
by the signal selector 501 are sampled by the signal 
sampler 502 based on a clock signal generated by the 



clock generator 506. As shown in FIG. 7, the signal sam- 
pler 502 comprises a plurality of flip-flops 701a-701n, 
where n is the number of pin signals 508 selected by the 
pin signal selector 501. Each flip-flop, synchronized to 
the clock signal of the clock generator 506, samples in- 
put pin signals 508 to produce output signals 509. In or- 
der to discriminate sampling times of sampled signals, 
timing information 51 1 generated by the stamper 507 is 
also included in the output signals 509 from the signal 
sampler 502. Preferably, a simple counter may be used 
as the stamper 507, which begins to count when the em- 
ulator is initialized and counts up in response to the clock 
signal. 

[0028] As shown in FIG. 5, the sampled pin signals 
509 along with time information are temporarily stored 
in the buffer 504 before finally stored in the acquisition 
memory 505. In this way, the acquisition memory 505 
stores time/stamp information as well as sampled pin 
signals. Therefore, it is possible to accurately locate pin 
signals at the time of a particular trigger event in the ac- 
quisition memory 505 by referencing stamp information 
808 (see FIG. 8) which has been output at the time of 
that particular trigger event from a trigger event detector 
503, as will be explained later, and has been stored in 
the memory 505 along with the associated pin signals. 
The buffer 504 is provided to compensate a difference 
between the sampling speed of the signal sampler 502 
and the access speed of the acquisition memory 505. 
The buffer 504 may further comprise a compression 
function to enable the memory 505 to store more pin 
signal information. Preferably, the memory 505 has a 
circular first-in-first-out (FIFO) structure such that pin 
signals from the buffer 504 are sequentially stored and 
the oldest data is deleted to accommodate new pin sig- 
nals. The memory 505 may preferably be implemented 
by a high-speed memory such as SRAM and may have 
expandability. 

[0029] The sampled pin signals by the signal sampler 
502 are also input to the trigger event detector 503. The 
detector 503 determines whether a predetermined com- 
bination of the sampled signals coincides with a trigger 
condition set by the user. If so, the detector 503 gener- 
ates an interrupt request signal. 
[0030] FIG. 8 shows an embodiment of a trigger event 
detector 503. The detector 503 comprises a plurality of 
trigger unit blocks 800a, 800b that produce event sig- 
nals 805a, B05b, and a trigger controller 806 that outputs 
a trigger signal 807 when the sequence of event signals 
from the trigger unit blocks is judged to match a prede- 
termined sequence. Each of the trigger unit blocks 800a, 
800b includes a mask register 801 a for designating the 
locations of pin signals used in a trigger condition, a pat- 
tern register 802a for designating a pattern of values for 
the pin signals defined as the trigger condition, and a 
plurality of logic gates (XOR, AND gates) for comparing 
the contents of the registers 801a, 802a with the sam- 
pled data 509 at the bit level. Data in the mask register 
801a and pattern register 802a, used as a trigger cen- 
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dition are predetermined as desired by the user under 
control of the pin signal monitor controller 500. In this 
case, it should be noted that although the sampled pin 
signals and the contents of the pattern register 802a are 
compared at the bit level, the comparison results at all 
bit positions are not directly used for generating the 
event signal 805a. That is, the comparison results only 
at bit positions where bits of the mask register 801 a are 
set to 1 are used for generating the event signal 805a. 
[0031] Therefore, this embodiment allows certain pin 
signals among sampled pin signals to be used as a trig- 
ger condition. However, a trigger event detector accord- 
ing to the present invention is not limited to what was 
described above. It can have only a pattern register 
802a so that the comparison results between the sam- 
pled pin signals and the contents of the pattern register 
at all bit positions can be used to produce an event sig- 
nal. Moreover, each trigger unit block 800a, 800b may 
be designed to include a presettable downcounter 803a 
so that the event signal 805a is not generated until the 
number of pattern -matching events equals to the preset 
value of the counter 803a. 

[0032] Event signals 805a, 805b generated by the 
trigger unit blocks 800a, 800b are input to the trigger 
controller 806, which determines whetherthe sequence 
of the event signals 805a, 805b matches a predeter- 
mined one and produces a final trigger signal 807 when 
they match. The setting of a desired sequence for the 
event signals can be achieved by programming a state 
machine in the trigger controller 806. 
[0033] The trigger event detector 503, as shown in 
FIGs. 5 and 8, is provided with stamp information from 
the stamper 507 as well as the sampled pin signals 509. 
Thus, the trigger event detector 503 permits the 
processing engine 103 to precisely identify the time of 
occurrence of the trigger event by providing stamp in- 
formation 808 at the time of the final trigger signal 807. 
When a trigger event occurs, the trigger signal 807 and 
associated stamp information 808 generated by the 
controller 806 are provided to the pin signal monitor con- 
troller 500, which in turn, sends an interrupt to the 
processing engine 101 through the communication 
channel controller 300. Interrupt handling by the 
processing engine 101 will be described later. 
[0034] Referring back to FIG. 5, the pin signal monitor 
controller 500 of the pin signal monitor 302 communi- 
cates with the processing engine 101 through the com- 
munication channel controller 300 and controls each of 
the above-mentioned function blocks within the pin sig- 
nal monitor 302. Specifically, the pin signal monitor con- 
troller 500 controls the signal selector 501 to designate 
certain pin signals that would be selected among a plu- 
rality of pin signals input to the pin signal monitor 302. 
The pin signal monitor controller 500 also controls the 
clock generator 506 and the stamper 507 by using con- 
trol signals 512, 513 in order to control sampling oper- 
ation of the signal sampler 502. Further, the pin signal 
monitor controller 500 controls the trigger event detector 



503 for setting up a trigger condition, and controls the 
acquisition memory 505 for delivering stored pin signal 
information to the processing engine 101 through the 
communication channel controller 300. 
5 [0035] FIGs. 9-11 are, respectively, flow charts ex- 
plaining a series of steps to be taken in response to a 
hardware trigger detected at the pin signal monitor 302 
of the target interface engine 1 02, and a software trigger 
at the software variable monitor 401 of the processing 
10 engine 101. 

[0036] Referring to FIG. 9, the process at the pin sig- 
nal monitor 302 in response to a hardware trigger event 
detected by the trigger event detector 503 of the pin sig- 
nal monitor 302 will be explained. First, the emulation 
15 system is initialized at step 901 . Then, at step 902, the 
stamper 507 inside of the pin signal monitor 302 is ini- 
tialized in synchronization with the timer 204 of the 
processing engine 101. At step 903, it is determined 
whether sampling of pin signals should begin. If so, at 
20 step 904, some of input/output pin signals 304 between 
the pin signal generator 301 and the target system 1 20, 
and internal pin signals 303 of the pin signal generator 
301 are selected by the signal selector 501 . The select- 
ed signals are sampled by the signal sampler 502 at rate : 
25 of a clock signal provided by the clock generator 506 
and stored in the buffer 504 before forwarded to the ac- 
quisition memory 505. After the sampling step 904, the 
sampled pin signals are examined, at step 905, by the 
trigger event detector 503 to see if they meet a prede- 
30 terminedtriggercondition. If no trigger event is detected, 
the sampling and storing step 904 is repeated. Other- 
wise, the sampling is suspended at step 906 and an in- 
terrupt request to the processing engine 101 is gener- 
ated at step 907. In response to the interrupt request, 
35 the processing engine 1 01 analyzes the values of soft- 
ware variables and pin signals in question and sends a 
control signal to reactivate the pin signal monitor 302 
after the analysis. At step 908, it is determined whether 
the reactivating control signal was received and, if so, 
40 returning to step 903, the pin signal monitor 302 
resumes sampling of pin signals. 
[0037] FIG. 10 illustrates a series of steps to be taken 
by the processing engine 1 01 in response to an interrupt 
request that follows from the detection of a hardware 
45 trigger event at the pin signal monitor 302. First, after 
the initialization of the emulation system at step 1000, 
the processor 201 in the processing engine 101 begins 
to execute the target chip algorithm 400 stored in the 
memory 202. At step 1001, the processor 201 deter- 
so mines whether an interrupt has been requested from the 
pin signal monitor 302. If positive, at step 1 002, pin sig- 
nal information stored in the acquisition memory 505 of 
the pin signal monitor 302 is copied to the pin signal buff- 
er section 405 of the memory 202. At step 1003, the 
55 processor 201 activates the variable/signal analyzer 
406 within the memory 202 to perform debugging using 
the contents of the software variable buffer 404 and pin 
signal buffer 405. Lastly, at step 1004, the processor 201 
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transmits a reactivating signal to the pin signal monitor 
302 to be ready for a next trigger event. 
[0038] FIG. 1 1 illustrates a series of steps to be taken 
by the processing engine 1 01 in response to a software 
trigger event which may occur during the execution of 5 
the target chip algorithm 400. After the initialization of 
the emulation system at step 1101 , the timer 204 is ini- 
tialized at step 1 1 02 and, at the same time, the stamper 
507 of the pin signal monitor 302 is also initialized in 
synchronization with the timer 204 as explained above 
with reference to FIG. 9. At step 1 1 03, the processor201 
begins to execute the target chip algorithm 400. If it is 
determined that the end of the algorithm is reached at 
step 1 1 04, the process proceeds to step 1 1 05 and is fin- 
ished. On the other hand, if it is determined at step 11 04 
that the execution of the algorithm is yet not finished, 
the process proceeds to step 1106 where it is checked 
whether the processor 201 encounters a software vari- 
able monitor routine in the target chip algorithm 400. If 
determined that no software variable monitor routine ap- 
pears at step 1 1 06, returning to step 1 1 03, the processor 
201 proceeds with the remaining portion of the algorithm 
400 and continues until a software variable routine is 
encountered. Otherwise, if determined that a software 
variable monitor routine is encountered at step 1 1 06, the 
processor 201, at step 1107, executes the monitoring 
routine and stores the values of the software variables 
as monitored by the monitoring routine in the software 
variable buffer 404 of the memory 202. At step 1108, it 
is checked whether a software trigger event has oc- 
curred, based on the values of the software variables as 
monitored by the monitoring routine. In case of no trigger 
event, the processor 201 continues to execute the re- 
maining portions of the target chip algorithm 400. If the 
values of the monitored software variables coincide with 
those predefined as a trigger condition, the sampling op- 
eration for pin signals by the pin signal monitor 302 is 
suspended and the pin signal information stored in the 
acquisition memory 505 of the pin signal monitor 302 at 
the event time is read and copied to the pin signal buffer 
405 at step 1110. Finally, at step 1 1 1 1 , the processor 201 
executes the variable/signal analyzer 406 within the 
memory 202 to perform debugging, using the contents 
of the software variable buffer 404 and pin signal buffer 
405. After debugging, the process returns to step 11 03 
and the remaining portions of the algorithm 400 continue 
to be executed. 

[0039] Next will be explained the way pin signals and 
software variables that are monitored at the processing 
engine and at the target interface engine, respectively, 
are saved without loss according to the present inven- 
tion. 

[0040] Referring to FIG. 12, there is shown a timing 
diagram illustrating a timed relationship between values 
of software variables monitored by the processing en- 
gine and hardware pin signals by the target interface en- 
gine in a conventional emulator. During the emulation, 
if a trigger event 1 201 predefined by the user as a com- 



bination of pin signals occurs, this event is detected by 
the trigger event detector of the pin signal monitor, and 
a trigger interrupt request signal 1 202 based on the de- 
tection of the trigger event is transferred to the processor 
of the processing engine. At the same time, the pin sig- 
nal monitor begins to store all the changes 1203 in pin 
signals monitored after the occurrence of the trigger 
event in the pin signal memory. On the other hand, the 
processing engine does not begin to store the changes 
1 206 in software variables associated with the hardware 
trigger event in the software variable buffer until the tim- 
er for synchronization of software variables and hard- 
ware pin signals gets started after the trigger request 
signal 1202 is sent to the processor and an acknowl- 
edgement signal 1204 thereto is transmitted by the proc- 
essor. Here, however, transmission of the interrupt re- 
quest signal 1202 necessarily takes time. Moreover, 
even after the interrupt request signal 1 202 reaches the 
processor, the processor cannot immediately handle the 
interrupt request if it was in the middle of performing a 
software variable monitor routine inserted in the target 
chip algorithm. The processor can acknowledge to the 
interrupt request signal 1202 only after it completes ail 
software variable monitor routines being executed. Be- 
cause of the interrupt-wait time incurred by these time 
delays as described, any changes in software variables 
during this interrupt-wait time cannot be stored. In real- 
ity, in case that the pin signal monitor and the processing 
engine are coupled via a PCI bus as a communication 
channel, the interrupt-wait time could amount to several 
hundreds of or, in a worst scenario, several thousands 
of PCI clock cycles. As a result, data loss would be dis- 
astrous. 

[0041 ] FIG. 1 3 illustrates how to keep track of chang- 
es in software variables in response to a hardware trig- 
ger event detected by the pin signal monitor in accord- 
ance with the present invention. The horizontal axis rep- 
resents time, and circles and squares on the time axis 
represent changes in software variables. Horizontally 
extending rectangles below the time axis represent a 
variable recording window showing contents stored in 
the software variable buffer at each timing, i.e., the val- 
ues of the software variables as changed prior to each 
timing. Specifically, window A shows contents of the 
software variable buffer storing the values of the soft- 
ware variables as changed prior to time A. Likewise, 
windows B and C show contents of the software variable 
buffer storing the values of the software variables as 
changed prior to times B and C, respectively. Here, the 
capacity of the software variable buffer, i.e., the size of 
windows A to C, is preferable to be such that it could 
record all the changes in software variables during the 
above described interrupt-wait time. As such, in accord- 
ance with the present invention, every time there is a 
change in a software variable (i.e., when a software var- 
iable monitor routine is executed), the change gets 
stored and updated in the software variable buffer at 
least during a period of time corresponding to the inter- 
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rupt-wait time. Thus, any changes in the software vari- 
ables during the intervening period between the detec- 
tion of a trigger event 1301 and an acknowledgement 
thereto 1302 can be stored without loss. 
[0042J Although the above description was devoted 
to explain a delay in monitoring software variables in 
case of the detection of a hardware trigger event and a 
solution thereto in accordance with the present inven- 
tion, it should be noted that the description also applies 
in the same manner to a delay in monitoring hardware 
pin signals in case of the detection of a software trigger 
event. Therefore, according to the present invention, the 
loss of hardware pin signals during the delay period is 
also prevented. 

[0043] As described in the foregoing, according to the 
present invention, in a logic chip emulation environment 
where the processing engine and the target interface 
engine interact with each other, hardware pin signals 
generated by the target interface engine can be moni- 
tored in synchronization with software variables within 
an algorithm executed by the processing engine, and 
therefore, total emulation time for an overall emulation 
system including a target system can be reduced. 
[0044] While particular embodiments of the present 
invention have been shown and described, it will be ob- 
vious to those skilled in the art that changes and modi- 
fications may be made without departing from this in- 
vention in its broader aspects and, therefore, the aim in 
the appended claims is to cover all such changes and 
modifications, as fall within the scope of this invention. 
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to said target system and receiving pin signals from 
said target system; and ii) a pin signal monitor for 
receiving and storing said pin signals communicat- 
ed between said pin signal generator and said tar- 
get system. 

The emulator according to claim 2, wherein said pin 
signal monitor further stores time information asso 1 -; . 
ciated with said pin signals. 

The emulator according to claim 3, wherein said pin 
signal monitor comprises a trigger event detector 
for detecting an occurrence of a first trigger event 
defining a case where values of said pin signals 
meet a predetermined condition. 

The emulator according to claim 4, wherein said 
trigger event detector further comprises means for 
transmitting a first interrupt request signal to said 
processing engine in response to the occurrence of 
said first trigger event. 

The emulator according to claim 5, wherein said 
predetermined time is associated with the time 
when said first trigger event occurs. 

The emulator according to claim 6, wherein said 
processing engine includes a software variable 
monitor for monitoring said at least onetime-varying 
software variable and controlling values of the mon- 
itored software variables to be stored. . 



Claims 

1 . An emulator for verifying a logic design of a target 
chip to be mounted in a target system, comprising: 

a processing engine (PE) for executing a soft- 
ware algorithm corresponding to the logic de- 
sign of the target chip, said software algorithm 
having at least one software variable defined 
therein; and 

a target interface engine interfacing with said 
target system for transmitting/receiving pin sig- 
nals to/from said target system in response to 
the execution of said software algorithm by said 
processing engine, 

wherein said at least one software variable 
and said pin signals are time-variant and said 
processing engine includes means for finding cor- 
respondence between said at least one software 
variable and said pin signals at a predetermined 
time. 

2. The emulator according to claim 1 , wherein said tar- 
get interface engine comprises i) a pin signal gen- 
erator for generating pin signals to be transmitted 



8. The emulator according to claim 7, wherein said 
software variable monitor is a software routine 
35 which is inserted into said software algorithm. 



9. The emulator according to claim 7, wherein said 
processing engine further comprises a software 
variable buffer for storing said values of the moni- 

40 tored software variables. 

10. The emulator according to claim 9, wherein said 
software variable buffer further stores time informa- 
tion associated with said values of the monitored 

45 software variables. 

11. The emulator according to claim 10, wherein said 
processing engine responds to said first interrupt 
request signal after a predetermined wait time laps- 

50 es from the timing when said first interrupt request 
signal is transmitted by said first interrupt request 
signal transmitting means, and wherein said soft- 
ware variable buffer has a buffer capacity such that 
it could store all the changes in said monitored soft- 

55 ware variables during said predetermined wait time, 

12. The emulator according to claim 10, wherein said 
processing engine further comprises a pin signal 
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buffer and means for controlling the storing of pin 
signals which have been stored in said pin signal 
monitor in said pin signal buffer in response to said 
first interrupt request signal. 

13. The emulator according to claim 9, wherein said 
software variable monitor further comprises means 
for detecting an occurrence of a second trigger 
event defining a case where values of said time-var- 

\ ying software variables meet a predetermined con- 
dition. 

14. The emulator according to claim 13, wherein said 
software variable monitor further comprises means 
for outputting a second interrupt request signal in 
response to the occurrence of said second trigger 
event. 

15. The emulator according to claim 14, wherein said 
processing engine further comprises means for 
controlling the storing of pin signals which have 

: been stored in said pin signal monitor in said pin 
signal buffer in response to said second interrupt 
request signal. 

16. The emulator according to claim 12 or claim 15, 
wherein said processing engine further includes a 
variable/signal analyzer for analyzing the progress 
or error during emulation by using information 
stored in said software variable buffer and said pin 
signal buffer. 



mitted to said target system and receiving pin sig- 
nals from said target system and said second 
means comprises a pin signal monitor for receiving 
and storing said pin signals communicated between 
5 said pin signal generator and said target system. 

19. The emulator according to claim 18, wherein said 
pin signal monitor further stores time information 
associated with said pin signals. 

10 

20. The emulator according to claim 19, wherein said 
pin signal monitor comprises a trigger event detec- 
tor for detecting an occurrence of a first trigger event 
defining a case where values of said pin signals 

is meet a predetermined condition. 

21. The emulator according to claim 20, wherein said 
trigger event detector further comprises means for 
transmitting a first interrupt request signal to said 

20 processing engine in response to the occurrence of 
said first trigger event. 

22. The emulator according to claim 21, said first 
means comprises a software variable monitor for 

25 monitoring said at least one time-varying software 
variable and controlling values of said monitored 
software variables to be stored. 

23. The emulator according to claim 22, wherein said 
30 software variable monitor is a software routine 

which is inserted into said software algorithm. 



17. An emulator for verifying a logic design of a target 

• chip to be mounted in a target system, comprising: 

a processing engine (PE) for executing a soft- 
ware algorithm corresponding to the logic de- 
sign of the target chip, said software algorithm 
having at least one software variable defined 
therein; and 

a target interface engine interfacing with said 
target system for transmitting/receiving pin sig- 
nals to/from said target system in response to 
the execution of said software algorithm by said 
processing engine, 

wherein said at least one software variable 
and said pin signals are time-variant, said process- 
ing engine comprises a first means for tracking 
time-varying changes in said at least one software 
variable, and said target interface engine comprises 
a second means operatively coupled to said first 
means for tracking time-varying changes in said pin 
signals. 

18. The emulator according to claim 17, wherein said 

• target interface engine further comprises a pin sig- 
nal generator for generating pin signals to be trans- 



24. The emulator according to claim 22, wherein said 
first means further comprises a software variable 

35 buffer for storing said values of the monitored soft- 
ware variables. 

25. The emulator according to claim 24, wherein said 
software variable buffer is controlled to further store 

40 time information associated with said values of the 
monitored software variables. 

26. The emulator according to claim 25, wherein said 
first means responds to said first interrupt request 

45 signal after a predetermined wait time lapses from 
the timing when said first interrupt request signal is 
transmitted by said first interrupt request signal 
transmitting means, and wherein said software var- 
iable buffer has a buffer capacity such that it could 
so store all the changes in said monitored variables 
during said wait time. 

27. The emulator according to claim 25, wherein said 
first means further comprises means for controlling 

55 the storing of pin signals which have been stored in 
the said pin signal monitor in said pin signal buffer 
in response to said first interrupt request signal. 
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28. The emulator according to claim 24, wherein said 
software variable monitor further comprises means 
for detecting an occurrence of a second trigger 
event defining a case where values of said time-var- 
ying software variables meet a predetermined con- 
dition. 

29. The emulator according to claim 28, wherein said 
software variable monitor comprises means for out- 
putting a second interrupt request signal in re- 
sponse to the occurrence of said second trigger 
event. 

30. The emulator according to claim 29, wherein said 
first means comprises means for controlling the 
storing of pin signals which have been stored in said 
pin signal monitor in said pin signal buffer in re- 
sponse to said second interrupt request signal. 

31. The emulator according to claim 27 or 30, wherein 
said first means further includes a variable/signal 
analyzer for analyzing the progress or error during 
emulation by using information stored in said soft- 
ware variable buffer and said pin signal buffer. 

32. Amethodforverifytngalogic design of atargetchip 
to be mounted in a target system, comprising the 
steps of: 

executing a software algorithm corresponding 
to the logic design of the target chip, said soft- 
ware algorithm having at least one software 
variable whose value is time-variant with the 
execution of said software algorithm; 
generating pin signals to be transmitted to said 
target system in response to the execution of 
said software algorithm, the values of said pin 
signals being time-variant with the execution of 
said software algorithm; and 
providing a temporal history for changes in said 
at least one software variable and said pin sig- 
nals. 
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36. The method according to claim 35, further compris- 
ing a step of generating a first interrupt request sig- 
nal in response to the occurrence of said first trigger 
event. 

5 

37. The method according to claim 33, further compris- 
ing a step of detecting an occurrence of a second 
trigger event defining a case where values of said 
time-varying software variables meet a predeter- 

10 mined condition. 

38. The method according to claim 37, further compris- 
ing a step of outputting a second interrupt request 
signal in response to the occurrence of said second 

15 trigger event. v 

39. The method according to claim 36 or 38, further 
comprising a step of referencing said temporal his- 
tory in response to the occurrence of either said first 

20 interrupt request signal or said second interrupt re- 
quest signal. 

40. An emulator for verifying a logic design of a target 
chip to be mounted in a target system, comprising: 

25 

means for executing a software algorithm cor- 
responding to the logic design of the target chijt> 
with at least one software variable present in 
said software algorithm and fortransmitting/re- 

30 ceiving pin signals to/from said target system 

in response to the execution of said software 
algorithm, wherein said at least one software 
variable and said pin signals are time-variant 
with the execution of said software algorithm; 

35 and 

means for recording changes in said at least 
one software variable and said pin signals with 
respect to time for a predetermined period of 
time. * : 

40 



33. The method according to claim 32, wherein said 
step of providing a temporal history comprises re- 
cording changes in said at least one software vari- 
able with respect to time. 

34. The method according to claim 32, wherein said 
step of providing a temporal history comprises re- 
cording changes in said pin signals with respect to 
time. 

35. The method according to claim 34, further compris- 
ing a step of detecting an occurrence of a first trigger 
event defining a case where values of said pin sig- 
nals meet a predetermined condition. 
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Fig. 3 
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